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 3 
Abstract  4 
Context: Training exposure has been associated with injury epidemiology in elite youth 5 
soccer, where lower limb musculoskeletal screening is commonly used to highlight 6 
injury risk.  However, there has been little consideration of the relationship between 7 
lower limb screening and the loading response to soccer activities. 8 
Objective: To quantify the efficacy of using screening tests to predict the loading 9 
elicited in soccer-specific activities, and to develop a hierarchical ordering of 10 
musculoskeletal screening tests to identify test redundancy and inform practice. 11 
Design: Correlational. 12 
Setting: Professional soccer club academy. 13 
Participants: 21 elite male soccer players aged 15.7 ± 0.9 years. 14 
Intervention: Players completed a battery of five screening tests (knee to wall, hip 15 
internal rotation, adductor squeeze, single leg hop, anterior reach), and a 25min 16 
standardised soccer session with a GPS unit placed at C7 to collect multi-planar 17 
PlayerLoad data. 18 
Main Outcome Measures: Baseline data on each screening test, along with uni-axial 19 
PlayerLoad in the medio-lateral, anterio-posterior and vertical planes.   20 
Results: Stepwise hierarchical modelling of the screening tests revealed that dominant 21 
leg knee to wall distance was the most prevalent and powerful predictor of multi-planar 22 
PlayerLoad, accounting for up to 42% of variation in uni-axial loading.  The adductor 23 
squeeze test was the least powerful predictor of PlayerLoad. Of note, one player who 24 
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incurred a knee injury within three weeks of testing had shown a 20% reduction in knee 25 
to wall distance compared with peers, and elicited 23% greater PlayerLoad, supporting 26 
the hierarchical model. 27 
Conclusions:  There was some evidence of redundancy in the screening battery, with 28 
implications for clinical choice.  Hierarchical ordering and a concurrent case study 29 
highlight dominant leg knee to wall distance as the primary predictor of multi-axial 30 
loading in soccer.  This has implications for the design and interpretation of screening 31 
data in elite youth soccer. 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
3 
 
Soccer academies affiliated with professional clubs in England host age groups from as 49 
young as 6 years of age, with injury incidence tending to increase with age and up to 5 50 
injuries per 1000 hrs of training and 20 injuries per 1000 hours of competition in players 51 
aged 13-18.1  Injury prevalence in elite youth players has been shown to be higher than 52 
that observed in their senior peers, attributed to training exposure in young elite players 53 
who lack the skeletal maturity to tolerate the physical demands imposed.2 Lower limb 54 
musculoskeletal abnormalities, malalignment and a reduced functional capacity in youth 55 
players may increase the risk of injury,3,4 with a prevalence of lower limb injuries in youth 56 
soccer.1,5  57 
The prevalence of injury and the subsequent impact on long-term player development in 58 
elite youth soccer warrants a consideration of prevention and monitoring strategies. 59 
Screening measures have been developed in order to monitor performance, highlight 60 
injury risk, and provide baseline measures,6,7 but there is limited published research in 61 
elite adolescent soccer players.6,7 There is also considerable diversity in the screening 62 
protocols used,8,9 and their specific relevance to the demands of the sport and injury 63 
epidemiology.10,11  In considering the validity of screening, the clinical tests used are often 64 
characterised by slow, controlled, predictive and low impact which lacks relevance to the 65 
demands imposed by training and competition demands.12,13  However, this intuitive 66 
dissociation between clinical screening tests and the physical demands imposed by the 67 
sport might constrain clinical decision making.  If the screening tests are able to predict 68 
the sport-specific physical response, then the efficacy in terms of injury monitoring and 69 
prevention would be clear.   70 
Typically the predictive power of screening tests has been considered in relation to injury 71 
incidence, but recent developments in GPS technology enable the physical demands of 72 
training and competition to be quantified.12,14  The performance metrics relating to 73 
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distance and the derivatives including velocity have limited scope in a sport like soccer 74 
where the activity profile is self-paced, and the player dictates the activity profile to a 75 
large extent.  Embedded technologies such as the accelerometer however enable a 76 
relatively high frequency and tri-axial consideration of acceleration, within an 77 
ecologically valid context and with implications for clinical interpretation.15  A recent 78 
case study of a lateral ankle sprain in elite soccer highlighted loading in the medio-lateral 79 
plane during training and rehabilitation.16 This planar loading data might have informed 80 
clinical decision making relating to the magnitude and asymmetry in loading, and the 81 
subsequent implications in injury management and return to play.16   82 
Literature has therefore started to explore the potential association between injury risk 83 
and tri-axial accelerometry, but this has typically been performed retrospectively.  In the 84 
current study we aim to employ a prospective research paradigm to consider the efficacy 85 
of clinical screening tests in predicting the multi-axial loading response to soccer-specific 86 
activity.  We considered a range of commonly used screening tests, with our choice 87 
restricted to those tests that are used in soccer, have functional relevance, and have been 88 
previously considered in relation to statistical measures of reliability.  In addition to 89 
considering each test in isolation, we aim to develop a hierarchical ordering of screening 90 
tests to examine redundancy in the testing battery and delimit toward those tests that offer 91 
greatest potential in predicting injury risk.   92 
 93 
Methods 94 
Design 95 
We carried out the current study within an English professional soccer club academy.  96 
Testing was completed during the competitive season to provide an ecologically valid 97 
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cross-sectional perspective, and to reduce the impact of seasonal fluctuations in 98 
performance and injury risk associated with the pre-season for example.5   99 
Participants 100 
All players were registered with the same professional soccer academy, standardising 101 
training volume amongst the group.  Inclusion criteria required that each player was injury 102 
free at the time of testing, and was currently engaged in all elements of the prescribed 103 
training and competition load.  A total of 21 male players (15.7±0.9 years, 176.2±5.2cm, 104 
63.8±6.5 kg) completed the study, providing written informed consent in accordance with 105 
the departmental and university ethical procedures, and in accordance with the spirit of 106 
the Helsinki Declaration. 107 
Procedures 108 
All players had completed the screening battery on a minimum of three previous 109 
occasions as part of the normal practice of the academy medical staff.  Consistent with 110 
club process, during the experimental trial all players received a standardised verbal 111 
instruction prior to each test.  The tests (Figure 1) were conducted in standardised order 112 
and comprised: knee to wall test,17 hip internal rotation test,18 adductor squeeze test at 0, 113 
45 and 90º,19 single leg anterior reach,20 and single leg hop for distance.21    114 
 115 
** Insert Figure 1 near here ** 116 
 117 
These tests were selected based on their functional relevance, common use, and previous 118 
investigation of reliability.17-21 Each test was conducted and scored according to published 119 
clinical guidelines, and using the dominant and non-dominant limb.  Leg dominance was 120 
defined using the player’s preferred kicking leg.  A standardised starting state prior to 121 
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testing was ensured by completion of a short warm up including: cycling on a static bike 122 
followed by dynamic stretches led by academy staff, and consistent with normal practice.   123 
Immediately following the completion of the screening battery, all players completed a 124 
standardised soccer-specific session.  To attain a standardised activity profile, this session 125 
was developed around the design of the players’ typical pre-match routine.  Elements 126 
such as passive stretching were removed as these were tailored to individual needs, and 127 
resulted in skewed loading data.  All players therefore completed the same activity profile 128 
comprising progressive intensity in running drills that incorporated speed and directional 129 
changes.  The first 17mins of the session was completed without a soccer ball, with a 130 
strict demand on consistency across all players.  The final 8mins of the session did include 131 
technical work with the ball, but again all elements were standardised across the groups.  132 
Small-sided games were not included given the potential variation in individual positional 133 
remits, and subsequently physical response.  Consistent with club policy and normal 134 
practice, each player wore a MinimaxX S4 GPS unit (Catapult Innovations, Scoresby, 135 
Australia) located in a customised vest at a mid-scapula location approximating to C7.  136 
Tri-axial acceleration data was collected at 100Hz, and used to generate uni-axial 137 
measures of PlayerLoad based on the rate of change of acceleration.15,22  Given the aims 138 
of the current study, the uni-axial measures of PlayerLoad (medio-lateral, anterio-139 
posterior, vertical) were also sub-divided into directional indices, so as to consider medial 140 
and lateral for example.  The medial:lateral imbalance was highlighted in a case study of 141 
injury in professional soccer.16  This directional and planar response provides much richer 142 
information regarding movement quality,16 and was considered appropriate given the 143 
focus on screening for injury risk.       144 
Statistical Analyses 145 
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Each screening test performance measure was linearly correlated against each planar 146 
PlayerLoad response from the soccer session.  Subsequently a forward stepwise 147 
hierarchical model of screening tests was developed for each PlayerLoad metric.  The 148 
statistical model inputs at each stage the singular screening test measure which has the 149 
greatest linear correlation coefficient (r).  The model is ceased when the addition of 150 
variables has no improvement on the correlation coefficient, thereby providing a 151 
hierarchical ordering of screening tests and a prescriptive battery.  Tests not included in 152 
this model can thereby be considered redundant in the prediction of PlayerLoad.  The 153 
degree of variation in PlayerLoad attributed to the screening test(s) was quantified as the 154 
square of the correlation coefficient r2.  This process was repeated for each plane, and in 155 
each direction (medial, lateral for example).   156 
Results 157 
Table 1 summarises squad demographics in terms of the clinical tests and the physical 158 
response to the soccer session.  Table 2 then quantifies the r2 value describing the linear 159 
correlation between each screening test and each directional PlayerLoad value.  Cells are 160 
highlighted where there was a ‘strong’ correlation (r ≥ 0.6), with dominant leg knee to 161 
wall distance most often providing the singular highest correlation with directional 162 
PlayerLoad.  The highest single correlation was evident between dominant knee to wall 163 
distance and anterior loading, where 43% of variance is accounted for (r = 0.66).   164 
 165 
** Insert Table 1 and Table 2 near here ** 166 
 167 
Table 3 summarises the hierarchical ordering of screening elements which predict 168 
directional PlayerLoad.  The data is presented in steps, replicating the statistical model.  169 
Step 1 therefore describes the primary predictor and associated r2 value; Step 2 170 
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describes the next most important predictor and is marked by an increased (though not 171 
summative) r2; and so on until no additional variables are added (and r2 increases no 172 
further).  Across all directional and planar loading values, the screening battery was able 173 
to account for between 31% (lateral load) to 66% (downward load) of the variation in 174 
PlayerLoad.   175 
** Insert Table 3 near here ** 176 
 177 
Dominant knee to wall distance was the most frequent (6) primary predictor of 178 
directional load, and the most frequent inclusion in the full hierarchical model (7).  The 179 
hop task was also frequently included in the model (5 non-dominant, 4 dominant).  The 180 
90º adductor squeeze test was highlighted as being redundant, with no inclusion in the 181 
hierarchical ordering of PlayerLoad in any direction.  Non-dominant reach and knee to 182 
wall distance, along with the adductor squeeze tests were represented only on a single 183 
occasion. 184 
 185 
Discussion 186 
Bahr (2016) recently highlighted the limited predictive value of clinical screening tests 187 
for injury, advocating research into other associated risk factors as part of periodic 188 
health examinations.23 Our primary aims were to quantify the efficacy of using 189 
musculoskeletal screening tests to predict the loading elicited in soccer-specific 190 
activities, and to develop a hierarchical ordering of these screening tests to inform 191 
practice and identify test redundancy.  An additional opportunity presented post-data 192 
collection enabling a clinical case study to be considered in relation to the established 193 
hierarchical ordering. 194 
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The single linear correlations between screening measures and PlayerLoad metrics 195 
revealed that the dominant leg knee to wall test was the strongest individual predictor of 196 
total PlayerLoad.  This test was able to account for 39% of the variation in PlayerLoad 197 
accumulated during the soccer-specific session.  This relationship can be attributed to 198 
strong correlations in the anterio-posterior and vertical planes, with dominant knee to 199 
wall distance accounting for 42% and 41% of the variability in respective planar 200 
loading.  Conversely, only 10% of medio-lateral load was attributed to changes in knee 201 
to wall score.  This directional specificity in correlation between the knee to wall test 202 
and planar loading reflects the linear nature of the ankle dorsiflexion task.  The 203 
relationship between ankle dorsiflexion range and injury is equivocal,24,25  but the 204 
association with PlayerLoad most likely reflects the activity patterns inherent in soccer.  205 
The intermittent nature of soccer results in an activity profile with an emphasis on stride 206 
frequency rather than stride length, since only with the foot in contact with the ground 207 
can a player initiate a change in speed or direction.  The importance of mechanically 208 
efficient ground contact and gait is therefore likely to be enhanced by players with a 209 
greater degree of ankle dorsiflexion. 210 
The importance of the dominant leg knee to wall distance in predicting PlayerLoad 211 
response to soccer-specific activity was further examined using a case study of a player 212 
involved in the study who subsequently suffered a dominant limb knee meniscal injury 213 
during training.  This injury was sustained within three weeks of the data collection.  214 
Retrospective analysis revealed that this player reported a 20% reduction in dominant 215 
leg knee to wall distance compared with the mean of the other squad members.  The 216 
player reported a 23% greater total PlayerLoad than the squad average, which was 217 
attributed to a 15% increase in medio-lateral load, a 28% increase in anterio-posterior 218 
load, and a 24% increase in vertical load during the same soccer-specific session.  219 
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Whilst conducted using retrospective analysis, this case study supports the hierarchical 220 
modelling output which suggests that the dominant leg knee to wall test might offer 221 
scope to highlight potential injury risk. 222 
The single leg hop was frequently included in the hierarchical modelling of axial 223 
PlayerLoad, often representing the second step in the model.  This test is commonly 224 
utilised as a predictor of sprint, jump and power based performance.26  Test proficiency 225 
is frequently demonstrated to be lower in athletes with Anterior Cruciate Ligament 226 
reconstructions,27 with hop distance included in a predictive model accounting for 56% 227 
of variance in total PlayerLoad.   228 
The strong individual predictive power of the knee to wall test was highlighted in the 229 
hierarchical ordering applied across all screening measures used in the current study.  230 
The hierarchical models highlighted in Table 3 show that this screening battery was able 231 
to account for 56% of variation in total PlayerLoad, and up to 63% in vertical 232 
PlayerLoad.  This observation is encouraging given the myriad of factors that can 233 
influence the biomechanical response to a soccer-specific activity session.  Whilst the 234 
objective of the stepwise modelling approach is to highlight the primary predictive 235 
elements, this approach also serves to highlight test redundancy.  The adductor squeeze 236 
test had little impact on the hierarchical models, despite previous research highlighting 237 
significantly lower performance in previously injured athletes.7,28  Care should be taken 238 
to dissociate between injury incidence and the physical response to training load, and 239 
screening tests might be best used in association with injury history and training load 240 
data. 241 
Hip internal rotation deficits are often associated with hip and groin symptoms,29 and 242 
notably the non-dominant limb hip internal rotation score was the primary element in 243 
predicting total medio-lateral (and lateral) PlayerLoad.  A reduction in hip internal 244 
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rotation has been shown to influence lower limb biomechanics in the pivoting athlete, 245 
increasing susceptibility to Anterior Cruciate Ligament injury.30  In the current study 246 
31% of variance in lateral PlayerLoad was attributable to changes in hip internal 247 
rotation on the non-dominant side.  Training sessions with greater emphasis on lateral 248 
movements might therefore elicit even greater association, and further endorse the 249 
predictive power of screening.   250 
Based on frequency distribution, a reduced screen would include the knee-to-wall test 251 
and the single leg hop test.  Given the influence of hip internal rotation on medio-lateral 252 
loading, this might also be included.  This reduced testing battery would be capable of 253 
accounting for 56% of the variation in total PlayerLoad, 39% of medio-lateral load, 254 
52% of anterio-posterior load, and 63% of vertical load.  Care should be taken in 255 
generalising beyond the elite male youth soccer cohort, the screening tests, and activity 256 
session used in the current study.  Further research might consider the use of athletes 257 
with previous injuries which have been closely aligned to screening tests to determine 258 
the sensitivity of accelerometry.  The design of the activity session might also be 259 
aligned more specifically with clinical tasks, or with the planar nature of the PlayerLoad 260 
analysis.  The current study considered a generic activity profile approximating a pre-261 
competition warm-up whereas interpretation might be enhanced using specifically 262 
designed functional drills.   263 
 264 
Conclusions 265 
Dominant leg knee to wall distance was the most frequent and powerful predictor of 266 
multi-planar PlayerLoad.  This single test was able to account for up to 42% of the 267 
variation in uni-axial loading, and a player who exhibited a 20% reduction in this test 268 
relative to his peers elicited 23% greater PlayerLoad and did subsequently incur a knee 269 
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injury within three weeks of testing.  Redundancy in screening was evident, with the 270 
adductor squeeze test the least powerful predictor of PlayerLoad.  A reduced screening 271 
battery would include the knee to wall test, single leg hop test, and hip internal rotation.      272 
 273 
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Table 1.  Summary of clinical screening test scores and loading response to the soccer-365 
specific session. 366 
 367 
Screening Test Mean ± SD  Player Load Mean ± SD 
Anterior 
Reach (cm) 
Dom 65.2 ± 5.7 3D Total (a.u) 283.4 ± 51.5 
Non-Dom 65.1 ± 5.2 
Medio- 
Lateral (a.u) 
Total 78.7 ± 33.8 
Single 
Leg Hop (cm) 
Dom 177.2 ± 17.0 -ve 39.2 ± 13.3 
Non-Dom 172.8 ± 18.2 +ve 39.5 ± 19.1 
Knee to 
Wall (cm) 
Dom 10.6 ± 3.1 
Anterio- 
Posterior (a.u) 
Total 120.0 ± 35.9 
Non-Dom 10.0 ± 3.2 -ve 13.3 ± 6.3 
Hip Int. 
Rotation (°) 
Dom 36.0 ± 7.3 +ve 106.7 ± 29.8 
Non-Dom 33.5 ± 7.0 
Vertical (a.u) 
Total 84.8 ± 21.4 
Adductor 
Squeeze (mmHg) 
0º 110.0 ± 16.4 -ve 3.6 ± 2.1 
45º 157.8 ± 18.4 +ve 81.3 ± 19.9 
90º 139.7 ± 19.1  
 368 
 369 
 370 
 371 
 372 
 373 
 374 
 375 
 376 
 377 
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Table 2.  Linear correlation coefficients r2 between screening test and planar load. 378 
 379 
 Anterior Reach Single leg 
Hop 
Knee to Wall Hip Int. 
Rotation 
Adductor Squeeze 
 Dom. Non-
D. 
Dom. Non-
D. 
Dom. Non-
D. 
Dom Non-
D. 
0º 45º 90º 
Total 
3D 
0.10 
(0.17) 
0.10 
(0.17) 
0.05 
(0.33) 
0.10 
(0.16) 
0.39 
(<0.01) 
0.32 
(0.01) 
<0.01 
(0.95) 
0.04 
(0.40) 
0.04 
(0.37) 
0.01 
(0.61) 
0.01 
(0.71) 
X 
Total 
< 0.01 
(0.82) 
< 0.01 
(0.83) 
0.04 
(0.38) 
0.11 
(0.14) 
0.10 
(0.17) 
0.06 
(0.28) 
0.04 
(0.40) 
0.24 
(0.03) 
0.03 
(0.45) 
<0.01 
(0.94) 
0.03 
(0.42) 
X-ve 
0.12 
(0.12) 
0.10 
(0.17) 
0.12 
(0.13) 
0.12 
(0.13) 
0.28 
(0.01) 
0.30 
(0.01) 
0.03 
(0.48) 
<0.01 
(0.81) 
0.04 
(0.37) 
<0.01 
(0.94) 
<0.01 
(0.62) 
X+ve 
< 0.01 
(0.79) 
< 0.01 
(0.82) 
0.01 
(0.62) 
0.08 
(0.23) 
0.03 
(0.44) 
< 0.01 
(0.68) 
0.09 
(0.20) 
0.31 
(0.01) 
0.02 
(0.56) 
<0.01 
(0.90) 
0.03 
(0.44) 
Y 
Total 
0.09 
(0.19) 
0.10 
(0.17) 
0.02 
(0.53) 
0.03 
(0.47) 
0.42 
(<0.01) 
0.36 
(<0.01) 
0.01 
(0.75) 
<0.01 
(0.97) 
0.01 
(0.73) 
0.05 
(0.36) 
<0.01 
(0.89) 
Y–ve 
0.07 
(0.26) 
0.07 
(0.25) 
0.01 
(0.61) 
0.02 
(0.57) 
0.36 
(<0.01) 
0.32 
(0.01) 
<0.01 
(0.97) 
<0.01 
(0.87) 
<0.01 
(0.78) 
0.06 
(0.27) 
<0.01 
0.90 
Y+ve 
0.09 
(0.18) 
0.10 
(0.16) 
0.02 
(0.53) 
0.03 
(0.46) 
0.43 
(<0.01) 
0.36 
(<0.01) 
0.01 
(0.72) 
<0.01 
(0.94) 
0.01 
(0.72) 
0.04 
(0.38) 
<0.01 
(0.86) 
Z 
Total 
0.24 
(0.03) 
0.23 
(0.03) 
0.05 
(0.32) 
0.10 
(0.18) 
0.41 
(0.02) 
0.37 
(<0.01) 
0.01 
(0.62) 
<0.01 
(0.88) 
0.09 
(0.18) 
0.01 
(0.66) 
<0.01 
(0.92) 
Z-ve 0.15 
(0.09) 
0.41 
(<0.01) 
0.04 
(0.38) 
0.04 
(0.43) 
0.25 
(0.02) 
0.08 
(0.22) 
<0.01 
(0.97) 
<0.01 
(0.78) 
0.06 
(0.29) 
0.01 
(0.69) 
0.02 
(0.56) 
Z+ve 0.24 
(0.03) 
0.20 
(0.04) 
0.06 
(0.28) 
0.11 
(0.14) 
0.40 
(<0.01) 
0.37 
(<0.01) 
0.01 
(0.62) 
<0.01 
(0.88) 
0.10 
(0.17) 
0.01 
(0.69) 
<0.01 
(0.99) 
 380 
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Table 3.  A stepwise hierarchical ordering of screening tests influencing planar loading. 385 
 386 
 Step 1 Step 2 Step 3 Step 4 
Total 3D 
Dom knee-to-wall 
r2 = 0.39 (<0.01) 
Non-Dom Hop 
r2 = 0.56 (0.02) 
  
X Total 
Non-Dom Hip IntRot 
r2 = 0.24 (0.03) 
Non-Dom Hop 
r2 = 0.30 (0.21) 
Dom knee-to-wall 
r2 = 0.39 (0.14) 
 
X-ve 
Non-Dom knee-to-wall 
r2 = 0.30 (0.01) 
Dom Hop 
r2 = 0.51 (0.01) 
  
X+ve 
Non-Dom Hip IntRot 
r2 = 0.31 (0.01) 
   
Y Total 
Dom knee-to-wall 
r2 = 0.42 (<0.01) 
Dom Hop 
r2 = 0.52 (0.07) 
  
Y–ve 
Dom knee-to-wall 
r2 = 0.36 (<0.01) 
Dom Hop 
r2 = 0.43 (0.14) 
Adductor 45 Sq 
r2 = 0.48 (0.22) 
Dom Reach 
r2 = 0.53 (0.20) 
Y+ve 
Dom knee-to-wall 
r2 = 0.43 (<0.01) 
Dom Hop 
r2 = 0.52 (0.07) 
  
Z Total Dom knee-to-wall 
r2 = 0.41 (<0.01) 
Non-Dom Hop 
r2 = 0.57 (0.02) 
Dom Hip IntRot 
r2 = 0.63 (0.11) 
 
Z-ve Dom Reach 
r2 = 0.41 (<0.01) 
Adductor 0 Sq 
r2 = 0.53 (0.05) 
Non-Dom Reach 
r2 = 0.61 (0.09) 
Non-Dom Hop 
r2 = 0.66 (0.15) 
Z+ve Dom knee-to-wall 
r2 = 0.40 (<0.01) 
Non-Dom Hop 
r2 = 0.58 (0.01) 
Dom Hip IntRot 
r2 = 0.64 (0.11) 
 
 387 
 388 
 389 
 390 
 391 
 392 
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Figure 1.  The screening battery comprising: (a) knee to wall, (b) hip internal rotation, (c) 393 
hip adductor squeeze test (shown at 45°), (d) single leg anterior reach, (e) single leg hop 394 
for distance. 395 
 396 
 397 
